Carthamus tinctorius L. (Compositae) is an herb primarily distributed throughout in the world. The species is regarded as ecologically important in the world. Safflower was used for medicines, as well as making red (carthamin) and yellow dyes. We have used the RAPD technique to investigate the phylogenetic relationships and genetic diversity of C. tinctorius. We obtained 123 bands from all the 26 cultivars. The average number of bands was 9.5 per primer. The genetic diversity of safflower is found among cultivars and there is a high among-cultivar differentiation. The OPC18-01 band is the specific marker for Syria cultivar, whereas no products were detected in individuals from other country cultivars. We found seven phenetic bands for determining the specific marker of cultivars with SCAR markers. Though the number of individuals sampled for analysis was small and probably not fully representative of the total available diversity in C. tinctorius, this study demonstrates that the regions (Morocco, Syria, and Turkey) of the Mediterranean Sea were more variable than other regions with the exception of India. In this result, although only simple result of RAPD is difficult to assert the center of species diversity of C. tinctorius, the regions of the Mediterranean Sea may be the most probable candidate for the origin of safflower. India was also the candidate of the center or secondary center of species diversity of C. tinctorius. RAPD markers were effective in classifying cultivar levels of safflower.
Introduction
Safflower (Carthamus tinctorius L.) is a highly branched, herbaceous, thistle-like annual, usually with many long sharps pines on the leaves [2] . Plants are 30 to 150 cm tall with globular flower heads (capitula) and commonly, brilliant yellow, orange or red flowers which bloom in July. Each branch will usually have from one to five flower heads containing 15 to 20 seeds per head [4] .
Safflower is one of humanity's oldest crops. Chemical analysis of ancient Egyptian textiles dated to the Twelfth dynasty identified dyes made from safflower, and garlands made from safflower were found in the tomb of the pharaoh Tutankhamen. Chadwick [2] reported that the Greek name for safflower occurred many times in Linear B tablets, distinguished into two kinds: a white safflower, which is measured, and red which is weighed. The explanation is that there are two parts of the plant which can be used; the pale seeds and the red florets [2] .
Traditionally, safflower was used for medicines, making red (carthamin), and yellow dyes, especially before cheaper aniline dyes became available [19] . In colouring textiles, safflower's dried flowers are used as a cultivar textile dye. Cultivar dyes derived from plants are not widely used in industry but it is getting more important world because of naturality and fashion trends. The colourful matter in safflower is benzoquinone-based Carthamin, so it is one of the quinone type natural dyes. It is a direct dye (CI Natural Red 26) and soluble.
Safflower was also known as carthamine in the 19th century [4] . It is a minor crop today, with about 600,000 tons being produced commercially in more than sixty countries worldwide. India, United States, and Mexico are the leading producers, with Ethiopia, Kazakhstan, China, Argentina and Australia accounting for most of the remainder [9] .
Studies to clarify the overall status of several countries of this species were not conducted. Thus, the aim of this paper was to determine the compositions of the components of C. tinctorius for the first time and to compare it with the composition of C. tinctorius from the other countries.
Throughout this century a large number of samples from landraces of cultivated plants and from related wild species have been collected, and these are now available to breeders aiming at enlarging the genetic basis of these plant materials [10] . However, emphasis has been put on the general under uses of this potentially useful diversity in breeding programs [12] . This situation is partly due to the lack of a systematic genetic evaluation of plant collections. Information on germplasm diversity and genetic relationships among plant materials is therefore essential for breeders.
DNA-based RAPD (random amplified polymorphic DNA) has the advantage of being and easy, allowing resolution of complex patterns of genetic variation while the DNA sequence information is not available [11] . Although RAPD has the disadvantage of low reproductivity of marker bands and dominant of band markers, it is a preferable approach for safflower. In this paper, we have used the RAPD technique to investigate the genetic diversity of C. tinctorius and provide baseline information for crop management. The results from RAPD analysis may cast a light on the issue of genetic differentiation of the safflower and the origin of this species.
Materials and Methods
Plant materials and DNA extraction Wild seeds were collected from 149 cultivated populations (or accessions) of C. tinctorius of 26 countries including Korea ( Table 1 ). All seeds of samples were obtained from National Agrobiodiversity Center, NAAS, PDA (Suwon, Gyeonggi Province, Korea) which plants were collected from 26 countries in the world. The 100 collected seeds per population or cultivar were sown in to outdoor plots with same environmental conditions. We classified into 26 cultivars because same lineages were found among them.
We randomly selected ten plants per cultivar for the analyses within and among populations. Genomic DNA was isolated from one unexpended leaf of one plant. DNA was extracted with the plant DNA Zol Kit (Life Technologies Inc., Grand Island, New York, USA) according to the manufacturer's protocol. Extracted DNA was quantified using Bio-Rad (Bio-Rad Laboratories, Inc., Hercules, CA, USA) according to the manufacturer's instructions.
RAPD analysis RAPD primers were obtained from Operon Technologies Inc. (USA). All the reactions were repeated twice and only reproducible bands were scored for analyses. 40 primers (OPC01-OPC20 and OPD01-OPD20) used for a preliminary RAPD analysis. All the reactions were repeated twice and only the reproducible primers were used for analyses. The 13 primers produced good amplification products in quality, reproducibility, and variability (Table 2) .
Amplification reactions were performed in total 50 ul mixed solution containing 2.5 µl of the reaction buffer, 10
mM Tris-HCl, 1.25 mM dNTP, 5.0 pM primer, 2.5 units Taq DNA polymerase, and 25 ng of genomic DNA. DNA was amplified on a Takara PCR Thermal Cycler DICE (TP600, Japan) using the following programme. Initial denaturation was carried out for 1 min at 94 o C, followed by 35 cycles of 50 sec at 94 o C, 30 sec at 45 o C, 2 min at 72 o C, and a final 10 min extension at 72 o C. A 100 bp ladder DNA marker (Pharmacia) was used in the end of for the estimation of fragment size. The amplification products were separated by electrophoresis on 1.5% agarose gels, stained with ethidium bromide, and photographed under UV light using Alpha Image TM (Alpha Innotech Co., USA).
To convert the selected RAPD band to a SCAR (sequence characterized amplified region) marker, the bands excised, cloned and sequenced following the procedure outlined in Jung et al. [8] . The excised PCR band was sequenced and the SCAR marker sequences were designed by identifying the original 10 bp sequence of the RAPD primer. The specific SCAR primer were used different individuals of same cultivars and 25 different bulk cultivars which were not shown the band. The 5.0 ul of amplification products were primarily separated by electrophoresis on 2.0% agarose gels, stained with ethidium bromide, and quantified the yield of total DNA using Bio-Rad.
Statistical analyses
All RAPD bands were scored by eye and only unambiguously scored bands were used in the analyses. Because RAPDs are dominant markers, they were assumed that each band corresponded to a single character with two alleles, presence (1) and absence (0) of the band, respectively. Loci were named based on the primer and observed band size.
The following genetic parameters were calculated using a POPGENE computer program (ver. 1.31) developed by Yeh et al. [18] : allele frequencies, the percentage of polymorphic loci (Pp), mean numbers of alleles per locus (A), effective number of alleles per locus (AE), gene diversity (H), and Shannon's index of phenotypic diversity [14] .
Nei's gene diversity formulae (HT, HTS, and GST) were used to evaluate the distribution of genetic diversity within and among cultivars [14] . The indirect estimates of gene flow, Nm (the number of migrants per generation), were based on GST [17] .
Nei's genetic identity was calculated for each pairwise combination of cultivars [14] . Homogeneity of variance among accessions was tested by Bartlett's statistics. The Mantel test was examined the correlation between the matrix of genetic distance and spatial distance within a site.
A maximum parsimony tree (MP) was inferred using heuristic search, branch-swapping options and tree bisectionreconnection. Confidence values for individual branches were determined by a bootstrap analysis with 1000 repeated sampling of the data. In addition, a phenetic relationship was constructed by the neighborjoining (NJ) method [16] using the NEIGHBOR program in PHYLIP version 3.57 [5] .
Results
We obtained 123 bands from all the cultivars (Table 2 ). The average number of bands was 9.5 per primer. Of all cultivars, 82.9% were polymorphic among all cultivars. In a simple percentage of polymorphic bands, the Mexico cultivar and Thailand cultivar exhibited the lowest variation (3.3%). The India, Morocco, and Syria cultivars showed the highest (13.0%) ( Table 1 ). Mean number of alleles per locus (A) from 1.033 to 1.130 with a mean of 1.081. The effective number of alleles per locus (AE) ranged from1.023 to 1.092. The phenotypic frequency of each band was calculated and used for estimating genetic diversity (H) within cultivars. The safflower maintained a low level of genetic diversity for polymorphic primers. The total H was 0.034 across cultivars. Shannon's index of phenotypic diversity (I) of safflower ranged from 0.020 to 0.079 with a mean of 0.049. The nine highest genetic diversities among 26 countries were India, Moroco, Syria, Turkey, Kazakhstan, Pakistan, Ethopia, Iran, and USA (Table 2) .
Total genetic diversity values (HT) and interlocus variation in the within-cultivar genetic diversity (HS) were 0.248 and 0.033, respectively (Table 3) . On a per-locus basis, the proportion of total genetic variation due to differences among cultivars (GST) was 0.715. This indicated that about 71.5% of the total variation was among cultivars. These values indicate that most of the genetic diversity of safflower is found among cultivars and there is a high among-cultivar differentiation. The remaining genetic variation (28.5%) was occurring within cultivars. The estimate of gene flow, based on GST, was slightly low among cultivars of safflower (Nm=0.091).
Values of genetic distance (D) were <0.463 (Table 4) . Genetic identity values among pairs of cultivars ranged from 0.630 to 0.907.
The Mantel test was used to test for correlations between the matrix of genetic diversity and spatial distance. Genetic diversity did not almost correlate with spatial distance in safflower cultivars.
The OPC18-01 band is the specific marker for the Syria cultivar, whereas no products were detected in individuals from other country cultivars (Fig. 1) . The specific DNA fragment seemed to be useful to discriminate among cultivars and was used to develop the SCAR marker. Figure 2 gave rise to the yield of total DNA using Bio-Rad. We found many phenetic bands for determining the specific marker of cultivar with SCAR markers (Table 2) . Seven bands (OPC18-01, Table 1 . M is the 100 bp ladder DNA marker. OPC20-07, 11, OPD01-12, OPD07-12, OPD16-04, and OPD20-08) are specific for one cultivar. Clustering of accessions was performed based on the matrix of calculated distances using the NJ algorithm (Fig. 3) . In dendrogram, many cultivars were well separated from each other. Thus, RAPD markers are effective in classifying cultivar levels of safflower though 26 countries could not distinguish each other perfectly on the basis of phenotypic traits. Although many cultivars were separated from each other, there were numerous discrepancies among the clades obtained here.
Discussion
We analyzed 26 countries of C. tinctorius with the internal transcribed spacer (ITS) region of nuclear ribosomal DNA using primers ITS1 and ITS4 [1] . However they were same sequences with 703 or 704 bp. Only one nucleotide was changed and one was inserted. Thus, we could not use the detailed information of differences of 26 countries within this species.
To better define the morphological traits in various countries, associations among 24 traits, were investigated by principal coordinate analysis (PCA) (Fig. 4) . The locations of countries were defined by the two first principal coordinates, PC1 and PC2, which explained 32.7% and 16.8% of total variation in morphological traits. All the 26 countries, Australia and Russia were situated adjacent to one another though geographical distance is very remote. The Korean cultivar is isolated from cultivars of other countries.
This study demonstrates that RAPDs offer a suitable method for detection of genetic variability in safflower. The degree of polymorphism revealed in the three C. tinctorius cultivars by amplification with arbitrary primers is extensive. Partitioning of genetic variability indicates that, on average, 71.5% is distributed between, and 28.5% within, cultivars. These findings are not in agreement with the observation that out-breeding plants retain considerable variability and most variation is exhibited within cultivars [7] . Though the number of individuals sampled for analysis was small and probably not fully representatives of the total available diversity in C. tinctorius, our study demonstrates that the regions (Morocco, Syria, and Turkey) of the Mediterranean Sea are more variable than other regions except India (Table 1) . In this result, although only simple result of RAPD is difficult to assert the center of species diversity of C. tinctorius, the regions of the Mediterranean Sea may be the most probable candidate for the origin of safflower. India was also the candidate of the center or secondary center of species diversity of C. tinctorius.
If the RAPD analyses are reliable in their ability to detect variability among C. tinctorius cultivars, then this method can be used to study the diffusion routes of cultivated plants because variability among cultivates should reflect their phylogenetic relationship after domestication. This investigation of the diffusion routes of safflower by comparing RAPD markers among cultivars is based on several assumptions. The cultivars that were used in the analyses are more or less the same as those that diffused in the past or are the direct descendants of the plants that diffused. Diffusion took place stepwise without long distance migration. If Korean safflower cultivars, for example, consist of mixture of those that diffused with Chinese and India accessions in ancient times and those that diffused recently, or some cultivars came directly from remote areas as a result of long distance migration, then some cultivars will have quite different positions in the phylogenetic tree (Fig. 3) to their geographical positions, and the phylogenetic relationship among Asian cultivars will be confusing as similar cases.
Although the amount variability detected with RAPD analysis is dependent upon the selection of appropriate primers and problems with reproducibility have plagued the use of this technique in the past, this method has the advantage of being inexpensive and simple to perform, and does not require a previous knowledge of the genome [6] . However, we were able to limit these problems in this study, as evidenced by the results of our duplicate analysis, by careful DNA preparation, strict adherence to amplification protocols and a rigorous interpretation of the results. We also found the results of RAPD to be faster and easier to interpret than ITS techniques studied, making it an ideal technique for use in the identification of C. tinctorius accessions or cultivars. Based on the results study, RAPD markers were the least polymorphic markers of those evaluated, and consequently had the least resolving power. 
